Water shortages are widely prevalent in developing countries, affecting lives of people including schoolchildren, who miss classes while fetching water for daily use. A typical case was that of Mnyundo Primary School in Tanzania, East Africa. A rainwater harvesting (RWH) system was then constructed because of easy adaptability of the technology. The purpose of this study is sustainability evaluation.
In Tanzania, a larger portion receives average annual rainfall ranging between 400 and 2,000 mm. Malesu et al. () , by using GIS, established that there is high potential for rainwater harvesting (RWH) in Tanzania including rooftop RWH. Nevertheless, it is still not commonly and reliably practiced in the country. In general, people are concerned about the initial cost of constructing the system. Often, however, they do not consider the daily cost they incur buying water from vendors, at least US$ 0.3 for 20 L gallon (at least 500 TZS for 20 L gallon), or the distance they have to walk to a surface water source.
Although some people worry that water collected on a roof may be contaminated with bird waste, surface water is obviously at a higher risk of contamination from animal and human waste. As well, there are advancements in rainwater quality management with simple techniques for particle load reduction. Recently, the government under the water sector development program has been promoting RWH construction by demonstrations in communities utilizing cheaper alternative mechanisms including storage system types (MoW ).
In this paper, a successful school RWH demonstration project is introduced, and evaluated for sustainability from technical, social, and economic perspectives, and recommendations are given for adaptability into similar cases of water shortage.
PROJECT DESCRIPTION
The RWH project was constructed at the Mnyundo Primary School in Mtwara, a southern region of Tanzania (Figure 1(a) ).
The region has two main seasons, a warm humid rainy season that lasts from November to May, and a dry cool season that lasts from June to October, with annual average rainfall estimated at 1,055.6 mm (Figure 1(b) ).
Compared to surface water, rainwater is free, safe, and less prone to contamination if properly managed. Capable of meeting the WHO drinking water standards, rainwater has been suggested as an alternative potable water source to 
Construction details
In this project, the materials used were sourced from local material suppliers, and local people under the supervision of the SNURRC mainly did the work. District water treatment system consisting of a coarse screen, first flush tank, and sedimentation tank; storage system of two 5 m 3 plastic tanks, the first tank being used as a sedimentation tank as well as storage; the taps for supply and as washout valve; and lastly, the water level gauge for monitoring the system.
The total project cost was US$ 3,600, from which labor and material costs accounted for 14% and 86%, respectively (Table 1) . Labor cost incorporates the masons and laborers involved during the mobilization and throughout the construction phase.
METHODOLOGY
Basic condition for RWH system performance analysis
Average daily rainfall data was used in the analysis (Figure 1(b) ).
Adopting a runoff coefficient of 0.8 for the iron roof (Thomas & Martinson ) , the analysis was done for a population of 300. Even though it is a day school, all days of the year were included because other activities occasionally occur on weekend days and holidays. A simple daily water balance model by Mun & Han () was adopted using the cumulative water storage (Equation (1)). Equations (2) and (3) represented daily demand and usage conditions.
where V t is the cumulative rainwater stored in the tank (L)
after the end of the t th day, V tÀ1 is the stored rainwater in the tank (L) at the beginning of the t th day, Q t is the harvested rainwater (L) on the t th day, O t is the overflow amount (L) on the t th day, D t is the daily rainwater demand (L) on the t th day, Y t is the rainwater supplied (L) during the t th day, and S is the capacity of the rainwater tank (L).
No water days (NWD) and rainwater usage ratio (RUR)
parameters introduced by Mwamila et al. () were used for quantification of dry season and realization of RWH system efficiency (Equations (4) and (5)). NWD are the days in a year when the storage system contains insufficient water to meet usage demands, and the RUR is the percentage of harvested rainwater that has been consumed to meet demand.
SUSTAINABILITY CONSIDERATIONS
For rural water supply services, sustainability has been defined as an indefinite provision of a water service with certain agreed characteristics over time (Lockwood & Smits ) . With that in mind, in this study it has been discussed by considering factors which indicate the likelihood of the service continuing to be provided over time.
Water supply service levels
This investigates the targeted outcome of the service being rendered, and efforts applied to maintain it. 
Water quantity and reliability
This is a day school, thus consumption of water is within class hours (8 am to 3 pm) and the RWH system is for drinking only in a supervised manner. The actual demand per day is considered 1 L/person. Reliability of the system at this demand is 61%, which shows its ability to supply the intended demand. It is calculated as the ratio of the number of days when the intended demand is fully met by the rainwater supply to the total number of days in the year. However, the NWD is high at 143 with RUR of 50% Lower demand values would ensure higher reliability values but lower RUR due to overflow losses. Thus, the need arises to adapt the strategy of varying daily demand with respect to available water level to achieve good reliability relative to RUR (Mwamila et al. ).
Accessibility
The distance traveled and time spent for the previous practices to obtain water for use in the school were significant (approximately 2 km and more than 1 h, respectively), whereas now the water source is more convenient and easily available to the school for the students and teachers.
Potential for sustainability
The project sustainability potential is assessed from the technical, economic, and social perspectives. (ii) Rainwater quantity control
As most storage tanks are not transparent, it is difficult for users to monitor the water level while consumption is ongoing. In most cases, the users only realize the water level has decreased when water stops flowing out of the tap, which is too late. Alternatively, an individual had to climb up the tank and check the water level by opening the tank cover. This is risky, considering young children may have to perform this task in the absence of capable adults.
To monitor the water level, a simple water level gauge was taped onto the outer tank wall (Figure 4(a) ). The gauge was made by tying a fishing plumb to the bottom and a ball to the top of a wire, which had a length equal to the height of the tank. The wire set up was inserted into a transparent hosepipe (Figure 4(b) ). The gauge functions based on a buoyancy mechanism, whereby high upward pressure occurs when the tank is full, pushing the ball upwards and the plumb down to the bottom of the hosepipe.
As the tank empties, the upward pressure decreases and the ball starts to sink, pulling the plumb upwards. This allows users to monitor the water level safely. With this simple technology, users will know when to adjust their demand to save more water for future use once the rainy season is over or to prevent overflow loss during the rainy season. 
Economic aspect
The approach of securing local material, labor, and techniques, as well as relying on local material suppliers, reduces the total cost. Individual users manufacturing some materials, such as screens by using the remains of unused plastic buckets or wire mesh, can reduce the cost even further. The water level gauge attached to the tank was designed simply and assembled from cheap and locally available material including transparent hosepipe, fishing plumbs, and wire.
To address the RWH system cost, an innovative fund raising program was adopted. The program is based on the 1C1C campaign recently introduced by SNURRC that This project investment cost (Table 1) By incorporating a coarse filter, first flush tank, sedimentation tank, and a water level gauge, which are simple to handle, manage, and reproduce, a better water supply service level was ensured in comparison to currently relied upon distant sources. The quality of accessed rainwater is improved with particle load reduction, quantity is controllable through water level monitoring, and the source is convenient.
Through financially supporting the initial investment cost, the system was made affordable. Company involvement, as CSR, is encouraged for improving water availability in social service centers. Also, local material, labor, and techniques reduce the cost even further and offer the potential for replication under local supervision.
Socially, capacity building and a sense of ownership was instilled through familiarization training, full involvement of the beneficiaries with labor contributions, and operation and maintenance manual provision.
Finally, using schools as locations for RWH demonstration projects allows the possibility of higher future impact by affecting the younger generation and surrounding community. Therefore, for sustainable solutions to water shortages similar work is encouraged.
